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UDK 69.001.8 

The results of the tests of several thousand reinforced concrete and prestressed commercial 
structural members and laboratory samples were studied at the Central Research Institute 
TSNIIpromzdaniy. The strength safety of the reinforced concrete and prestressed structural members and 
factors determining this safety were analyzed. A proposal was made of an estimation of the strength 
safety enabling to use the data on the strength test results of structural members and materials 
(reinforcement and concrete). A considerable, and in some cases, decisive effect of the character of 
distribution of applied forces along the structural members on their strength safety were studied. 

The proposals have been developed on specifying the strength safety of the reinforced and 
prestressed concrete structural members and on the design of bending members with a predetermined 
strength safety level (taking into account the probability of failure along both normal and inclined cross 
section). The realization of these proposals as applied to the mass-production structural members (floor 
and roof slabs) makes it possible to reduce the consumption of steel for the tension reinforcement by 8- 
10%. 

Author: Dr. N.Ya. Sapozhnikov 

Scientific editor: AA Kovalev 

USSR State Committee of Construction 
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STRENGTH SAFETY OF PRECAST AND PRESTRESSED REINFORCED CONCRETE 

STRUCTURAL MEMBERS 
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Table 12 

Statistical characteristics of test results of commercial structural prestressed flexural members with high strenoth bars as 
prestressed reinforcement designed according to Russian building code, produced and tested at the Russian plants bv 
specialized organizations. F * 



Name of structural 
members 



Type of 
loading 



1 . Core slabs with bar 

prestressed 

reinforcement 



a. Grade AIV 



b. Grade AtV 

c. Total sampling 



Failure mode with 
the volume of 
sampling 



Statistical characteristics 
of ratios M test 



fai/M des ; 



'des 



Mean 
value 



Standard 
deviation 



Coefficient 
of variation 



Probability 



-test 



P(M" fen- 
Mdes) or 



est 



fail 



v des ) 



Safety 
factor g 



379 



514 



1.7742 



1.800 
1.5S7 



0.3142 



0.3542 



0.177 



2.46 



0.1963 



2.15 



0.9330 



0.9377 



Minimum value 

of ratio 
M ,e f fa ,/M dss 
orV^WVdes 

for sampling 



II. Flat slabs 



27 



0.192 



21 



1.518 



0.2418 



26 



146 



2.22 



1.9535 



0.4317 



4 

22 



2.15 



0.1209 



3.06 



0.1592 



0.9933 



2.14 



0.9633 



0.2209 



2.21 



0.9354 



1.14 
1.1 



1.52 



1.6 



Ribbed slabs with 
prestressed 
reinforcement 



b. Grade AIV 



c Grade AtV 



156 



53 



1.528 



0.2027 



0.1325 



1.82 



2.6 



0.3878 



1.68 



0.22 



0.213 



2.11 



0.1309 



3.09 



0.3953 



0.9625 



Total sampling. 



IV. Rafter beams 



19 



40 



32 



80 



1.72 
1.7575 
1.625 



24 



1.69 
1.6125 



0.608 
0.35 



0.345 



1.25 



0.8944 



0.2152 



0.2405 
0.2195 



0.1423 
0.1361 



1.79 



0.9633 



2.87 
2.79 



0.9979 
0.9973 



1.39 



1.44 



1.22 



1.07 
1.18 



Remarks to Table 12 
I Types of loading - 

1. Equally distributed loads 

2. Equally distributed loads plus two concentrated forces at the quarters of span from supports 

II. Failure modes - 1. F- flexural failure , • 

2. C - compressive failure 

3. S - shear failure. 

III. M^a, V^feu - values of experimental failure bending moments and shear forces 

Z ^taSS? of factored bendins moments and shcar forces - u requirsd flsxuraI and shear strength according to 

JS!^^V d faCt ° r d£riVed fr ° m ^ 2SSUmpti0n 0f normal distribu tion of the density of probability of ratios 
VI. W^m > MdJ; PCV^w > V^es) - strength safety estimations derived from the assumption of normal distribution of the 
* ° f T S f ^ ^ W AtV - Russian Grades Wgh strength bafSSSl 
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Table 24 



The statistical characteristics of the ratio J™ derived from the test results of the laboratory- 

made and commercial reinforced concrete columns. P^ - estimation of the capacity of compressed 

members arrnrdino in th* Pnocion u*.:u: r J r Iw ^u 



Sampling 
1 


Volume 

of 
sampling 

2 


Statistical c 
ratio P ft 


characteristics of the 

/*/P des SNiP 


P( 


Probability 

P. , ,est > P SNiP \ 
'fail > rdes ) 


Average 
3 


Standarc 
4 


Coefficient 
J of variation 
5 


P 
6 


P theor 

7 


Pemp 

8 


A. Axially loaded members with 
Dimensions greater than 20x20cm 


250 


Laborator 
1.420 


y made 
0.2710 


samples 
0.1908 


1.540 


0.9382 


0.9760 


B. Eccentrically loaded members 
Total set 


119 


1.482 


0.4810 


0.3238 


1.000 


0.8413 


0.8821 


Members with the £ < g, (flexural mode 
of failure) 


303 


1.293 


0.4720 


0.3650 


0.620 


0.7324 


0.7662 


Members with the £ ><^ (compressive 
Mode of failure) 


308 


1.654 


0.4430 


0.2680 


1.475 


0.9300 


0.9885 



Members less than 30x30, 25x35c m 
Members greater than 30x30, 25x35cm 



441 
170 



Influence of the scale factor 



1.508 



0.5390 



0.3574 



0.942 



0.8270 



0T862O 



1.429 



0.3800 



0.2659 



1.130 



0.8708 



Influence of relative 
eccentricity 




Commercial axially loaded columns 
Produced by the Mos cow plants 

Remarks to Table 24 

L n TwT b ? d fe2 V ' d %Z the assum P tion about distributions of the density of 

probability of the ratio Pfaii /Pd es 

2- Ptheor - theoretical estimation of the probability derived from the assumption about normal 
distnbutions of the density of probability of the ratio Pf a ii tes 7P d es SNiP 

3- Pemp - empirical estimation of probability. 
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TatfjiHua 12 

M Pe3yju>TaTH HciruTaHHfi H3rHdaeMHX npe^HanpHseHzfl 

KOHCTpyKUHtt 3aBojicKoro H3roTOBJiGHHH co cTepKHeBofi pado^eft apMaxypott 



HaHweHOBaHHe 

KOHCTpyKUHft 


XapaKTep 
HarpymeHHH 


Bun ua 3 py me huh 

(odfc M BHdODKH, 
HPT. ) 


Cpes- 
Hee 

C 


CT3H— 

flapT 


K03#- f 
9MUH- 

eHT 1 


lepoflT 
PTC > 


HOCTL 
I) 


Ilpm/ie^ia- 

HHH 

II 


JUG OO 

TGKy— 

<iec- 

TH 

pa(5o- 

TT oft 

noil 

apwa- 


no da* 

TOHy 

csa- 

TOfi 
30HU 


-no 
Ha- 

KJIOH- 
HOMy 

ce^e- 

HHK) 




6(c) 


Bapza- 

c v (c) 

8 


t 

9 


P 


I 

MHoronycTOTHHfl 
HacTan c pado^ieii 
apMaTyooli KJiacca 

A T -y 

no Bcefi Budop- 
ko 


2 

^ „ x) 
P.P- 


3 

379 


4 


5 


D 

1,7742 


7 

0,3142 


0.177 


2 f 46 


0.9930 




514 






1,8000 


0,3542 




2,15 


0,9877 






27 




1,587 


0,192 


0,1209 


3,06 


0,9988 


C mlR =I,I4 






21 


1. 518 


0.2418 


0.1592 


2,14 


0.9838 




p.p.+2P xx; 




26 




2,22 










0^=1.52 


IIJlOCKHe IWHTH 


p.p. 


146 






1,9535 


0,4317 


0,2209 


2,21 


0,9864 








4 












C mln =I,6 


p.p.+2P 






22 


2,16 










C m In. =1,44 



npoaojimerae Tada. 12 



I 


? 


3 


4 


5 


5 


7 


9 


9 


W 


II 


ILuhth pedpucTHe 
c pado^eft apiua- 
Typoii miacca: 

AID-B 

A-iy 

v y 

no Bcefl bu- 
dopice 

b tom trucjie: 
ruiHT noKpu- 

THfi £ =6 M 

c padonea 
apMaTypoft 
KJiacca: 
AID-B, 

A-iy 

mm? 6=12 m 
c pado^eft ap- 
MaTypofi miacca 
A-MI B 

iuiht nepenpH- 


p.p. 


125 






1,528 


0,2027 


0,1326 


2,6 


D.9953 




156 






1,82 


0,3878 


0,213 


2,11 


3,9826 




58 






1,68 


0,22 


0,1309 


3,09 


0,9989 






19 




1,72 










3 mitt = I , 39 






40 


1,7575 


0,608 


0,345 


1,25 


0,8944 


2 min =1,46 


60 






1,5618 


0,1865 


0,1194 


3,01 


0,9986 




28 






1,6678 


0,2687 


0,1611 


2,48 


0,9934 








4 












CmLa = I , 4 


50 






1,4856 


0.1620 


n r T09 


3.0 


0,9986 








3 












Cmla =1,75 


53 






1.69 








0,9960 










17 


1.503 












bajiKK CTporrajiLHHe 


p.p. 


32 






1.626 




0.2152 




0.9633 


Cg»t"=I, 22 






^80 


24 


1.69 
I. 6125 


8:2lo6 


0.1423 
0 I3SI 


*» 


0,9979 




x;^aBH0MepH0 pacnpeflejieHHaa a 


grpy3Ka. 














0,9973 





xx)PaBH0MepH0 pacnpeaeJieHHan Harpy3Ka iuuoc OTe chjih y onop 



Ta6wa 24 



HanesHocTB pac^ieTa UGHTpaji&ao h BHeueHTpeHHO csstux 

3J1GM9HT0B H3 TOTGJIOrO dGTOHB 



Budopica 


O&bBM 
BHCSopKH, 
IDT. 


XapaKTepzcTHKa buOoprh 


BGpOHTHOCTL P(C > 


I) 




cperoee 

3Ha^6HH6 

C 


cTamiapT 

«(c) 


K03<£$HHH— 

ght Bapna- 

c v (c) 


t 
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8 




UeHTj 


»jue»ho cxai 


"HQ 3J16M6HT 


a 








aaeMeHTU cg^ghhgm MeHee 
20x20 cm (nojiHan BHdopica 


I: 














c y^eTOM MacurradHoro 

K03$$HUH6HTa 0,9 


576 


1,66 


0,3 


0,1807 


2,19 


0,9857 


0,99826 


<5e3 y^QTa MacmradHoro 
Koa$$HUHeHTa 


576 


1,49 


0,3 


0,2013 


1,64 


0,9495 




3jieM8HTH cg^ghhgm M9Hee 
20x20 cm c apMaTypoft 
imaccoB: 
A-ffl - A-I 

c yneTOM MacmradHoro 

KO 3$$HUHGHTa 0,9 


439 


1,605 


0,3 


0,1869 


2,03 


0,9788 


0,9977 


(5e3 y^eTa MacmTadHO- 

TO K03$$HUHGHTa 


439 


1,445 


0,3 


0,2076 


1,49 


0,9319 





IIpoAOJiSGime TacJji. 24 



I 


2 


3 


4 


5 


6 


7 


8 


3UI6M6HTH Ce^GHHGM dOJIGG 
















20x20 cm 


250 


1,42 


0,271 


0,1908 


1,54 


0,9382 


0,976 


nojmaH BHdopKa 


826 


1,59 


0,312 


0,1962 


1,88 


0,9699 


0,9915 




Bhqh 


3HTP6HHO 


CSaTUG 3J1G* 


IGHTH 








nojiRaa Budopna 


611 


1,482 


0,481 


0,3238 


1,0 


0,8413 


0,8821 


3U1GMGHTH C ? « ^ 


303 


1,293 


0,472 


0,365 


0,62 


0,7324 


0,7662 


3JIGM6HTH C ^ > 5 R 


308 


1,654 


0,443 


0,268 


1,475 


0,93 


0,9885 


BudopKa c 1955 r. 


329 


1,511 


0,536 


0,3547 


0,953 


0,829 


0,8815 


Bjihhhhg MacmTadHoro 
















JaKTopa : 
















3J16M6HTH CG^GHHGM 
















^ 30x30 25x35 cm 


441 


1,508 


0,539 


0,3574 


0,942 


0,827 


0,862 


3J16M6HTH CGHGHHGM 
















> 30x30 , 25x35 cm 


170 


1,429 


0,38 


0,2659 


1,13 


0,8708 


0,9346 


BJ1HHHH6 3KCUGHTPHCHTG- 
















TOB : 
















to/h* 0,166 


170 


1,445 


0,3433 


0,2375 


1.3 


0,9032 


0,876 


0,166 < e o /K s 0,5 


248 


1,442 


0,4134 


0,2866 


1,07 


0,8577 


0,9222 


e o />0,5 


193 


1,586 


0,669 


0,4218 


0,875 


0,8092 


0,834 



